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In comparative visual cognition research, the influence of information acquired by nonvisual senses has received little attention. Systematic studies focusing on how the integration of information from sight and touch can affect animal perception are sparse. Here, we investigated whether tactile input improves visual discrimination ability of a bird, the kea, and capuchin monkeys, two species with acute vision, and known for their tendency to handle objects. To this end, we assessed whether, at the attainment of a criterion, accuracy and/or learning speed in the visual modality were enhanced by haptic (i.e. active tactile) exploration of an object. Subjects were trained to select the positive stimulus between two cylinders of the same shape and size, but with different surface structures. In the Sight condition, one pair of cylinders was inserted into transparent Plexiglas tubes. This prevented animals from haptically perceiving the objects' surfaces. In the Sight and Touch condition, one pair of cylinders was not inserted into transparent Plexiglas tubes. This allowed the subjects to perceive the objects' surfaces both visually and haptically. We found that both kea and capuchins (1) showed comparable levels of accuracy at the attainment of the learning criterion in both conditions, but (2) required fewer trials to achieve the criterion in the Sight and Touch condition. Moreover, this study showed that both kea and capuchins can integrate information acquired by the visual and tactile modalities. To our knowledge, this represents the first evidence of visuotactile integration in a bird species. Overall, our findings demonstrate that the acquisition of tactile information while manipulating objects facilitates visual discrimination of objects in two phylogenetically distant species. © 2017 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.
In their natural environment organisms receive information through multiple sensory channels. This input is combined into integrated percepts by multisensory systems in which different senses work in parallel (Stein & Meredith, 1993) . Object exploration therefore allows the simultaneous acquisition and integration of information gained by different senses. Consequently, at least in species that tend to explore objects by handling them, the information gained from the sense of touch is potentially as important as visual information to interact with surrounding objects.
Interest in the interaction between sight and touch dates back to early research in the study of visual behaviour (e.g. Berkeley, 1709); however, experimental work on visuotactile integration has expanded only in the last few decades and has focused almost exclusively on humans (Gallace & Spence, 2014) . Ernst and Banks (2002) , in their maximum likelihood estimate model, proposed that humans combine parallel information from visual and haptic senses in a statistically optimal fashion to maximize the precision of the final encoding. Several studies have demonstrated that human subjects trained, either visually or haptically, to identify objects or to recognize categories of objects, when tested in the untrained sensory modality, can transfer knowledge of object identity (e.g. Lacey, Peters, & Sathian, 2007; Lawson, 2009; Norman, Norman, Clayton, Lianekhammy, & Zielke, 2004) and knowledge of object category (Wallraven, Bülthoff, Waterkamp, van Dam, & Gaißert, 2014; Yildirim & Jacobs, 2013) between these two sensory modalities. Particularly, training adults to discriminate shape categories by touch also improved their ability to visually discriminate the same stimuli and vice versa (Wallraven et al., 2014) .
